Abstract.
Introduction
Cosmic Dark Ages is an epoch after recombination (380 000 years after Big Bang [1] ) lasted to first stars and galaxies formation. Imaging Universe during this period is difficult because, firstly there are no bright galaxies or quasars. Secondly barionic matter in the Universe during this epoch consists of almost cold neutral hydrogen and helium atoms, therefore there are almost no recombination lines, compton scattering of CMB (cosmic microwave background) photons and so on.
Nevertheless the possibility of experimental study of Dark Ages is given by hyperfine transitions in hydrogen and deuterium (H and D respectively) (21.1 cm and 91.6 cm lines). During the observations radio telescope measures antenna temperature, which is associated with brightness temperature of the source (T b ), which depends on intensity of the source. In this paper the where built the evolution of hydrogen and deuterium brightness temperature.
In this work there where used following parameters describing the standard ΛCDM cosmology: Ω m = 0.31, Ω Λ = 0.69, Ω b = 0.049 (matter, dark energy and baryon densities divided by the critical density respectively), H 0 = 67 km s − 
Here T = hν +− /k B , hν +− is the difference between higher and lower energy levels (T H = 0.0682 K, T D = 0.0157 K), F = S + I is the total spin angular momentum, S is spin of the electron, I is nuclear spin, so F +− are total angular momentum quantum numbers, g + = 2F + + 1, g − = 2F − + 1 are the statistical degeneracy factors and 
where T k is kinetic gas temperature, χ x = χ x c + χ x α is sum of parameters for spinchange collisions and scattering of Lyα photons:
; χ
10, before first galaxies formation, P α is small so it can be neglected [3] .
For neutral hydrogen: n B /n H = 1.3302 [4] (there were H, D, 3 He and 4 He taken into consideration),
is the scattering rate between two hydrogen atoms [5] , [6] , k eH 10 is the scattering rate between hydrogen atoms and electrons [7] , k pH 10 is the scattering rate between hydrogen atoms and protons [8] (here collisions with 4 He were neglected).
Collisional coefficient:
m H is reduced mass, σ DH +− is spin-change cross-section [9] . At fig.1 there were plotted H and D spin temperatures (T H s and T D s respectively), gas kinetic temperature (T k ) and CMB temperature (T CMB ). Before z ∼ 300: T k = T CMB ; due to collisions (because χ c 1) T s = T k . At 30 z 300 (for hydrogen) 5 z 300 (for deuterium) gas was cooling adiabatically due to Universe expansion: σ HH +− at low temperatures [8] ).
Gas kinetic temperature
It is necessary to calculate gas kinetic temperature T k to obtain T s (following equation (2)). Gas kinetic temperature is defined by the following equation [10] :
where f He = 0.08 is helium fraction, σ T = 6.65 × 10 −25 cm 2 is Thomson cross-section, u CMB is the energy density of the CMB, x e is free electron fraction.
Here the first term describes adiabatic cooling due to Universe expansion, the second term describes heating due to Compton scattering of CMB photons from the residual free electrons. 3 He, 4 He The second term in the equation (3) n e = n HII + n HeII + 2n HeIII
Ionization of H, D,
Here n e is free electron fraction, n HI , n HII are number densities of neutral and ionized hydrogen, n H = n HI +n HII is the total number density of hydrogen; n HeI , n HeII , n HeIII are number densities of neutral, singly-ionized and doubly-ionized helium, n He = n HeI + n HeII + n HeIII is total number density of helium.
Also, Γ x is photo-ionization rate, α x is recombination rate, ξ x is dielectronic recombination rate, β x is collisional ionization rate; they where taken from [11] . These functions depend on gas kinetic temperature, so it is necessary to solve them with equation (3).
The brightness temperature
The brightness temperature is the temperature that black body would have to emit observed intensity. To find it let us consider the equation of radiative transfer for intensity I ν in the absence of scattering along the path:
where ds = cdt, j ν is an emission coefficient, α ν is an absorption coefficient.
To simplify calculations there were used Rayleigh-Jeans limit, appropriates for frequencies ν that much smaller then the peak frequency of CMB spectrum: I ν = 2k B T ν 2 /c 2 . So after rewriting (8) we can get equation of radiative transfer for light from radio source with brightness temperature T b through the cloud with spin temperature
. So the observed brightness temperature at frequency ν:
Taking into consideration that optical depth is small at relevant redshifts (10 z 1000) (x is H or D): 
Here we used CMB as a background radio source, so the brightness temperature of the source T b is equal to T CMB . From [9] : Without loss of generality let us consider that η increases, so n H will increase too (n H ∝ η) and x e will decrease therefore gas kinetic temperature T k will decrease. Coefficient describes collisions χ c ∝ C +− will increase; it drives spin temperature T s to T k , thus T s will decline as T k . So τ ∝ n H /T s will decrease and δT b = T s − T CMB 1 + z τ will decrease too.
Conclusions
In this paper there were considered physical processes during cosmic Dark Ages and there were calculated H and D brightness temperature, gas kinetic temperature and CMB temperature. At fig.1 there were plotted dependence of H and D spin temperature (T H s and T D s respectively), gas kinetic temperature (T k ) and CMB temperature (T CMB ) on redshift z.
In this work there were examined dependencies of 21 cm brightness temperature on baryon density ( fig.3 ) and dependence on baryon-photon ratio η = n B /n γ ( fig.4) . Ω B and η are the key parameters in modern cosmology and hence we can see a strong dependence on these parameters.
These measures potentially could become a new instrument for independent measurement of barion-photon ratio during Dark Ages.
